Wilson disease (WD) is an autosomal recessive disorder well recognized by the copper progressive accumulation. Copper accumulation in various organs and tissues causes toxic effects in various tissues including liver, brain, kidneys and eyes. Chelation therapy is the mainstay of treatment for patients with Wilson's disease. Chelators are naturally occurring or chemically designed molecules that bind to specific toxins in the body and promote excretion of them. Diethylenetriamine penta-acetic acid (DTPA) is one of the well-known Chelators which is used in WD treatment but it's main defect is that it cannot enter into the intracellular space. When an amine such as D-glucosamine (DG) was conjugated to DTPA, the resulting compound obtains the ability to enter cells and may be used to treat the intracellular metal overload. Based on the hypothesis, A new compound consisting of D-glucose (1.1 nm) conjugated DTPA, was synthesized and evaluated on HepG2 WD cell model in vitro. Our results revealed that that the copper accumulation significantly P<0.05 decreased in the HepG2 WD cells by DTPA-DG as compared with D-penicillamine (as gold standard treatment) compared with the D-penicillamine (gold standard). Interestingly, no toxicological findings were seen in HepG2 WD cell. Based on our findings, administration of DTPA-DG could be significantly decrease the copper accumulation in HepG2 WD cell model without any toxicity and seems to have a very good prognosis for treatment of WD in the future.
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Introduction
Copper is one of the essential trace elements for many enzymatic systems in human body. While trace amounts of copper are needed to sustain life, excess copper is extremely toxic. [1] Wilson disease (WD) is an autosomal recessive disorder of copper transport leading accumulation of copper in the liver and brain of affected individuals [1] . Copper accumulates in the cytosol of hepatocytes, leading to hepatic necrosis and release large amounts of copper into the bloodstream of large amounts of copper into the blood stream, causing damage to erythrocyte membrane and hemolytic anemia. Finally Copper accumulates in other vital organs such as the brain, kidneys, and cornea. Defective biliary excretion of copper may be the single most important cause of copper accumulation in Wilson disease [1] .
Treatment methods for patients with Wilson's diseas can produce a negative overall copper balance. There are usually two phases of treatment for symptomatic WD patients: first, a chelating agent is administered to enhance systemic systemic depletion of metals by urinary excretion (i.e., D-penicillamine or TETA), Then either a chelating agent or zinc salts are administered to prevent accumulation or reaccumulation of copper to toxic levels [2] .
The use of chelating agents to regulate metal ion/metalloid toxicity began within the early decade with researchers like Alfred the Great Werner, Paul Ehrlich, and Carl Voegtlin progressing to cut back toxicity of arsenic-and antimony-containing medicine that won't to treating parasitic infections like syph. Smallmolecule chelators were applied to alleviate the results of significant metal and nonmetallic overload. the employment of small-molecule chelators to alleviate accidental overexposure to metal ions began in 1941 with the (questionably appropriate) use of change state for lead intoxication [2] .
Some of the chelating agents which have been successfully used to treat metal intoxication are shown in Fig. 1 . British anti-Lewisite (BAL) was originally developed to treat arsenic toxicity, however its potential for treating hereditary disease was recognized by J.N. Cumings in 1948. the necessity to search out Associate in Nursing oral different agent to BAL for treating Wilson's illness diode to the introduction of Dpenicillamine and trientine by Dr John Walshe in 1956 and 1969, severally. DMSA and DMPS ar less nephrotoxic and additional hydrophilic analogues of BAL, and ar accustomed treat mercury intoxication. EDTA and its congenator DTPA are often accustomed treat plumbism and ar effective in removing radionuclides [3] . DTPA is associate degree organic substance encompasses a diethylenetriamine backbone structure with 5 carboxymethyl teams. DTPA with its high affinity for metal cations like copper will kind reliable complexes. This chelator is poorly absorbed within the epithelial duct (<5). Its volume of distribution is near living thing water volume, and this chelator is chop-chop excreted within the excretory product while not vital metabolism [4] .
The major drawback with DTPA is it's curtail cellular uptake [5, 6] . to enhance DTPA uptake by cells, varied structural derivatives are synthesized and tested toward elevating DTPAcopper advanced formation and cellular uptake [7] . several strategies are established for conjugation of DTPA to totally different chemical substances, however sophisticated synthesis method was a serious limiting issue. [7] .
Glucosamine could be a scaffold for a glucosyl substance as a result of the methane series acts as a helpful target for additional functionalization. there's abundant proof within the literature counsel that N-functionalized glucosamines show activity with aldohexose transporters and hexokinase enzymes [8] [9] [10] . When D-glucosamine (DG) is conjugating to DTPA, the resulting compound obtain the ability to the ability to enter cells, Accordingly the DTPA-DG may be used as a novel strategy for the diagnosis and/or WD treatment. An amino group at position 2 of the glucose moiety. DTPA-DG also has an amino group at this position in its glucose moiety [11] [12] [13] [14] .
In this paper, We describe a method for synthesis of DTPA-DG employing a high yield and few reaction steps. After that we designed some biological test on this compound chelating with intracellular copper accumulated in Rat's hepatocytes. Figure 2 . Procedures A and B described for the exclusive synthesis of DTPA-mono-amide while using DCC or EDC or toluene/molecular sieve at presence or absence of ultrasound irradiation [13] 2. Material and methods
Material
Hexanes, 1-hexanol, cyclohexane, pyridine, diethylenetriamine pentaacetic acid dianhydride, methanol, and aqueous NH 4 + OH -were purchased from Aldrich. N,N-dimethylformamide (DMF), N,Ndicyclohexylcarbondiimide (DCC), anhydrous ethanol, and acetone were analytical grade without further purification. Double distilled water was used. Dialysis bag with 5KD cut off was obtained from spectrum.
Characterization
Melting points were determined on a Kofler hot stage apparatus and are uncorrected (C. Reichert, Vienna, Austria). The FT-IR spectra were recorded on a Nicolet 550 instrument. 1H and 13C NMR spectra were measured on a Varian FT-400 unity plus (400 MHz for 1 H and 100 MHz for 13 C) spectrometer and also a Bruker 500 MHz spectrometer (Brucker, Rheinstetten, Germany) spectrometer with tetramethyl silane as an internal standard. Chemical shifts are given in d. EIMS spectra were recorded on a Finnigan MAT EITSQ-70 eV (Finnigan, USA) and also on Agilent Technology (HP), 5973 Network Mass. FT-IR spectra was examined by FT-IR spectroscopy (Thermo-Nicolet, NEXUS 870, Waltham, MA, USA.Silica gel 60 F 254 precoated plates (Merck) were used for TLC. The purity of the synthesized compounds was confirmed by thin-layer chromatography (TLC) using various solvents of different polarities. The morphology was studied by using an inverse phase-contrast microscope (Wilovert®, Hund Wetzlar, Wetzlar, Germany. Sonication was performed using a Sartorius Ultrasonic-Homogenizer LABSONIC_P230 V/50 Hz. Copper concentration was determined by Flame atomic absorption spectrophotometer (PERKIN ELMER ). The pH measurements of all solutions were done with pH meter And Cell debris were collected by centrifuge model Sigma 3-16PK(Germany).
Synthesis of DTPA-dianhydride
The DTPA-dianhydride (DTPA-DA) synthesis procedure has been previously described [7, 13] . Briefly, DTPA (3 g) was dissolved in dimethyl sulfoxide (10 ml), acetic anhydride (20 ml), and pyridine (3 ml) as a base under anhydrous conditions. The reaction mixture was heated at 65C for one day. Subsequently, the reaction mixture was cooled, filtered, and washed twice in acetic anhydride and anhydrous diethyl ether. The residue was dried to a constant weight under vacuum (52 kPa) at 40C, and a white powder was produced with a yield of 93% (see Fig. 2 ).
Activation of D-glucosamine hydrochloride
D-glucosamine hydrochloride was neutralized using excess amounts of a base, such as aqueous sodium bicarbonate [13] The reaction was stirred for at least 30 minutes, then filtered, and ascorbic acid added to the solution. The solution was then immediately lyophilized, and a mild yellowish powder (D-glucosamine, base) was obtained, with a yield of 97% . 
Synthesis of DTPA-DG
DTPA-DG synthesis procedure has been previously described [7, 13] . Briefly, DTPA-DA (1 mmol) was dissolved in anhydrous DMF, and then N,N'-dicyclohexylcarbodiimide (DCC) (1.1 mmol), 1-hydroxy-benzotriazole (HOBT) (0.6 mmol), triethylamine (0.2 ml), and activated molecular sieve (100 mg) were added to the medium. The reaction mixture was stirred at room temperature for at least 30 minutes. The reaction solution was subsequently heated to 90C, and D-deoxy-glucosamine (DG) (0.333 mmol) was added. After stirring for an additional 24h at 90C, the reaction mixture was cooled at room temperature, diluted with water 0.2 mL and methanol 5 ml, and then filtered. A clear solution was collected.The crystallized white DTPAmonoamide (DTPA-DG) was obtained by adding diethyl ether (0.5 ml) to the solution and subsequently filtered and finally dialyzed (cut off 500 Da) against distilled water for a period of 24 h. The remaining solution was removed from the dialysis bag and then lyophilized. A pure white powder was obtained [7, 13] . (Fig.3) 
Gel chromatography and TLC
The sample mixture were separated based on their molecular size and shapes by Gel permeation chromatography (GPC) [15] . Before experimental, the stationary phase (sephadex G15) was saturated by PBS. [16] [17] [18] [19] [20] [21] . The mixture in 2-4 ml was added to the column (high=30 Cm, Width= 3Cm). Each 20 elution drops was collected and placed in a separate tube (13 tubes).Then each tube was checked by TLC to find the DTPA-DG. As shown in fig.3 there were 2 standard spots (DTPA and DTPA -DG). The TLC plate was placed in the chamber so that the spot(s) of the sample do not touch the surface of the elutant in the chamber. The solvent (7ml chloroform and 3ml methanol) moves up the plate by capillary action, were meet the sample mixture and carries it up the plate (elutes the sample). When the solvent front reaches no higher than the top of the filter paper in the chamber, the plate should be removed (continuation of the elution will give a misleading result) and dried .The retention factors (R ƒ ) were defined as the ratio of the distance traveled by the substance to the distance traveled by the solvent (FIG.4) . Tubes containing only DTPA-DG were chosen for the lyophilization step and stored for next subsequent experiments (FIG.4) [20, 21] . 
Wilson's model cells preparation
Human HepG2 cells (10 6 cells) were growth in Minimum Essential Medium (DMEM) with glutamine. The cell culture were supplemented with FBS (10%), penicillin G (2000 U/ml) and streptomycin (200 U/ml). During the passage, rinse cell with medium thrice. Then cells were growth in medium with 0.5 μ mol CuSO 4 (physiologic concentration) or 100 μ mol CuSO 4 (pathologic concentration) for 48 h to reach WD cell model [19-21].
Preparation of cell culture
HepG2 are adherent, epithelial-like cells growing as monolayers and in small aggregates. For preparation of this cell culture we were used Eagle's Minimum Essential Medium (DMEM and RPMI1640 also works well) supplemented with 10% FBS. Discard culture medium every 2-3 days. To passage cells, briefly rinse cell monolayer with 1xPBS twice and add prewarmed (37°C) 0.05% Trypsin-EDTA solution for 5 -7 minutes. Once cell layer is dispersed (5-7 min at 37°C) deactivate Trypsin by adding equal volume of complete growth medium with 10% FBS. To avoid clumping don't agitate the cells by shaking the flask while waiting for the cells to detach. Split cells 1:4 every 3 days (recommended), or 1:8 every 6 days.Cultures should be incubated at 37°C in humidified atmoshere with 5% CO 2 [24-25].
MTT assay
Cell viability was measured by The MTT assay. [7, [26] [27] [28] [29] [30] .The HepG2 cells were incubated with the assorted concentration (0.125, 0.25, and 0.5 mg/ml) of DTPA-DG for 24-48h, afterwards the supernatant of the Hepg2 cells was removed. MTT answer was additional to every well of the plates at a final concentration of zero.5 mg/mL, and also the cells were incubated for a further four h. Thereafter, remaining solution was removed, the cells were lysed, and also the dye was dissolved in a hundred μl dimethyl sulfoxide. The plates were unbroken within the dark for one hour so as to be prepared for spectrophotometric determination. the quantity of absorption in every well was calculated mistreatment an automatic microplate reader at 570 nm. The data were compared with untreated control cultures.
Intracellular measurement of copper concentration and DTPA-DG potency assay by atomic absorption
DTPA-DG and D-penicillamine at different doses were injected on separate plates containing 10 6 cells and the experiments were repeated for at least three times for each dose. After incubation time of 24 h DTPA-DG and cells, the cells have been broken by grinding glass beads in a 50 ml tube at 100 0C by a 45 Hz electric motor for 20 minutes [31] [32] . The seeds and disrupted cells were removed by centrifugation; Supernatant solution was removed for copper assay with Atomic Absorption spectroscopy. There were 2 control groups: Positive control containing Wilson's cell model (WD) the intracellular Cu concentration was about 50 ppm. Untreated cells and medium were negative control group.
DTPA-DG EC50 calculation
The term half maximal effective concentration (EC 50 ) refers to half concentration of a drug which causes to decrease intracellular copper concentration to 50% of ground state (WD cell model) [33] [34] .In this study EC50 was calculated based on the linear model curve with Pharm R statistical software.
Animals
Frothy male and female rats (mean weight 90 20 g) were used for this study. The animal were provided by Iran Pasteur Institute laboratory animal center. The animal experiments were performed in accordance with the recommendations of the Declaration of Helsinki and the internationally accepted principles for use of experimental animals, and they were confirmed by the local ethics committee of our institution as well. The animals were drived into four groups, 10 animals in each. They were divided into 4 groups as follows:
Group A: placebo Group B: 5 μg (15 times the therapeutic dose) for 2 weeks. Volume of administered was 230μl Group C: 10 μg (30 times the therapeutic dose) Group C:25 μg (45 times the therapeutic dose) After 14 days, the rats were sacrificed with cervical dislocation. Following sacrifice, a portion of liver, spleen, ganglion and kidny were removed for following pathologic experiment:
-FG-focal granuloma -MG-multiple granoloma -N-Necrosis -EO-polymorphic nuclar -EH-extra-medullary hemotopoesis The toxicity experimentals were measured according to these protocols: 1-International committee for harmonization of biological compounds (ICHBC) 2-committee of proprietors of mwdical products(CPMC) Volume and dosage of administration were according tables 2 and 3.
Statistical analysis
Data interpretations were performed by SPSS 19 software using One way ANOVA with post hoc TUKEY test and the data comparison covering P<0.05 was considered significant.
Result and discussion

Synthesis
The DTPA-mono amid is synthesized in temperature over 90°C with high yields and in pure form, as confirmed by FTIR, Mass and HNMR [13] .
TLC
As shown in table 1 , and according to TLC results, the first four tubes showed no growth in a spot regarding not any materials. Tube numbers 5 and 6 were showed TLC spots with Rf = 0.56. These were indicated that these samples were polar and included DTPA-DG. Rf 9 =0.91 and Rf 13 =0.96 were shown these samples were contained unconjugated-DTPA. Based on the gel filtration rules high molecular weight compound is exit from the column faster than those of lower molecular weight materials and based on the explained reasons (different R f and rapid exist from the column) tubes 5 and 6 were identified to contain DTPA-DG. 
MTT assay
The MTT test was performed on Hep G2 cell types, The 24-hour exposure of DTPA-DG did not show any significant toxicity on these cell types, but continued exposure for 48 hours showed very significant (P , 0.05) and powerful anticancer potency for DTPA-DG ( Figs-5-9 .).
The unlabeled ligands (DTPA) were also demonstrated to be safe.
Intracellular Measurement of copper concentration and DTPA-DG potency assay by atomic absorption
The effect of DTPA-DG and DTPA on intracellular copper were shown in Fig 9 and Fig  10. DTPA-DG with different doses from 10 to 100 µg/ml were administered on WD cell models could be conjugated with intracellular copper and were decreased intercellular copper accumulation (p<0.05). As shown in Fig 10 DTPA wasn't shown any significant alteration in copper concentration. The result was indicated that DTPA has negative charge so could not able to cell penetrate but DTPA-DG has very good potency to decrease copper concentration (significant decrease in intercellular copper concentration) because DTPA-DG is well shown cell penetration. Figure.8 was Illustrated of comparative effects of DTPA-DG and control groups on intercellular copper concentration. Fig.9 : Illustration of the high dose comparative effects of Nano-scale of DTPA with Dpenicillamine. Results were indicted that DTPA-DG has perfect potency to decrease intracellular copper accumulation. Tables 2 and 3 were shown the female and male rat's weight changes, respectively. The result were shown that no tissues toxicity.
Animals
The result of pathologic study on kidney and liver after 2 weeks after DTPA-DG injection were shown that no toxicity indicated on liver and kidney. (Fig. 11 and Fig. 12 ). 
Conclusions
In summary, we have designed and characterized DTPA-DG with extraordinary ability to decrease intracellular copper accumulation. Its utility as a novel chelating agent for intracellular copper overload has been clearly demonstrated in vitro. We have also shown that DTPA-DG has very potent copper chelating effect without any significant toxicity on HepG2 WD. The microscopic images have shown no change of the Hep G2 cell morphology after the administration of DTPA-DG. EC50 of DTPA-DG (106.25 μg/ml) is apparently much less than D-penicillamine So due to its safety and powerful effects, it can be propounded as a new alternative therapy for WD alternative therapy in near future. We are currently evaluating the potential of utilizing this class of nano-materials as target-specific chelating agents for intracellular treatment of metal overload. It it seems that this class of agents has a positive future in clinical practice.
